Objective To evaluate the proportion of patients hospitalised with acute coronary syndrome (ACS) in Australia and New Zealand who received optimal inpatient preventive care and to identify factors associated with preventive care. Methods All patients hospitalised bi-nationally with ACS were identified between 14-27 May 2012. Optimal in-hospital preventive care was defined as having received lifestyle advice, referral to rehabilitation, and prescription of secondary prevention pharmacotherapies. Multilevel multivariable logistic regression was used to determine factors associated with receipt of optimal preventive care. Results For the 2299 ACS survivors, mean (SD) age was 69 (13) years, 46% were referred to rehabilitation, 65% were discharged on sufficient preventive medications, and 27% received optimal preventive care. 
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ABSTRACT
Objective To evaluate the proportion of patients hospitalised with acute coronary syndrome (ACS) in Australia and New Zealand who received optimal inpatient preventive care and to identify factors associated with preventive care. Methods All patients hospitalised bi-nationally with ACS were identified between 14-27 May 2012. Optimal in-hospital preventive care was defined as having received lifestyle advice, referral to rehabilitation, and prescription of secondary prevention pharmacotherapies. Multilevel multivariable logistic regression was used to determine factors associated with receipt of optimal preventive care. Results For the 2299 ACS survivors, mean (SD) age was 69 (13) years, 46% were referred to rehabilitation, 65% were discharged on sufficient preventive medications, and 27% received optimal preventive care. Conclusions Only one-quarter of ACS patients received optimal secondary prevention in-hospital. Patients with UA, who did not have PCI, were over 70 years or were admitted to a private hospital, were less likely to receive optimal care.
BACKGROUND
Cardiovascular disease (CVD), including coronary heart disease (CHD) and stroke, is the leading cause of death and disease burden globally. 1 In Australia, CHD accounts for the greatest disease morbidity and nearly one fifth of all deaths nationally. 2 The potentially life-threatening presentation with CHD is a spectrum of clinical conditions known as acute coronary syndrome (ACS) which includes ST segment elevation myocardial infarction (STEMI), non-ST segment elevation MI (NSTEMI), and unstable angina (UA). 3 Importantly, approximately half of these events occur in individuals who have had a prior hospital admission for CHD. [3] [4] [5] European, 6 7 American, 8 and Australian 3 guidelines routinely recommend strategies aimed at preventive care, preferably commencing while the patient is in hospital. These guidelines emphasise the importance of secondary prevention pharmacotherapy, lifestyle advice, and participation in a cardiac rehabilitation or secondary prevention programme. Cross-sectional surveys and registries are a valuable means for assessing the implementation of guidelines. [9] [10] [11] Indeed, international registries have demonstrated suboptimal pharmacotherapy and referral to cardiac rehabilitation at discharge across various settings. [9] [10] [11] The first Euro Heart Survey of ACS, conducted in 25 countries in Europe and the Mediterranean basin in 2000-2001, demonstrated substantial variability in the implementation of guidelines applicable at that time. 12 A second Euro Heart Survey in 2004 among 32 countries, which aimed to reassess ACS management and implementation of more contemporary guidelines, showed persistent gaps in chronic care. 10 New Zealand researchers have also demonstrated low levels of investigations, appropriate pharmacotherapy treatments, and acute revascularisation in previous audits of ACS care in 2002 and 2007. 13 14 ACS registries have provided valuable information about treatment and resource gaps 15 ; however, they frequently include relatively few patients from regional and remote centres. 4 In addition, very few registries have reported on the synergistic impact of comprehensive care comprising medications, lifestyle advice, and post-discharge preventive activities. This is particularly important given there is evidence that medications started in hospital are
Open Access Scan to access more free content more likely to be continued 16 and recent findings that early referral to cardiac rehabilitation improves later attendance at programme orientation. 17 The inclusion of all consenting acute medical services in Australia and New Zealand providing immediate care to patients presenting with suspected ACS allows a unique opportunity to collect a complete perspective on patterns of ACS care across both countries. This paper evaluates the proportion of patients admitted to an Australian or New Zealand hospital with ACS, surviving to discharge, who received optimal in-hospital preventive care (comprising medications, lifestyle advice, and referral to rehabilitation). We also aimed to identify important clinical factors that were associated with exposure to optimal preventive care during an ACS admission.
METHODS

Study design
The SNAPSHOT ACS study was a prospective audit of the care provided to consecutive patients admitted to an Australian or New Zealand hospital with suspected ACS during a specified 2-week period. 15 The study was designed by a bi-national academic network of clinicians and researchers and was managed by a steering committee with key stakeholder representation. An overview of the findings is published elsewhere. 15 This present article specifically focuses on preventive care at the point of discharge and provides a detailed analysis only of those patients who survived their index admission and had a confirmed diagnosis of STEMI, NSTEMI or UA. Written study protocols were provided to all sites and relevant research staff were given training and support for data collection and entry. Ethical approval (with opt-out consent) was obtained for Australian sites and single review (with consent waiver) in New Zealand's case was obtained from all participating sites.
Sites and participants
All hospitals receiving patients with suspected ACS (including public or private, metropolitan or rural) were identified from public records and invited to participate. Patients were eligible if they were admitted with a suspected or confirmed ACS event between 14 May 00:00 h and 27 May 24:00 h, 2012. 15 Consecutive admissions were enrolled and patients were followed for the duration of the acute care episode, including all contiguous transfers between hospitals (counted as a single episode of care).
Data collection
A common case report form, with standardised completion note, was developed by opinion leaders in collaboration with a multidisciplinary team comprising allied health professionals, biostatisticians, epidemiologists, and data management consultants and trialled across multiple jurisdictions in approximately 60 patients. Data collection was from medical records and focused on presenting characteristics, including clinical variables enabling the calculation of the Global Registry of Acute Coronary Events (GRACE) risk score, 18 as well as details of patient presentation and transfers between hospitals. Data missing from medical records was record as 'no'. Utilisation of guideline recommended therapies including inpatient invasive management/revascularisation, dietary/physical activity advice, and prior-to-discharge prescription of aspirin, other oral antiplatelet therapies, statin, β-blocker, ACE inhibitor (ACEi) or angiotensin receptor blocker (ARB), and referral for cardiac rehabilitation were all assessed. Smoking cessation advice was reported separately. Data were collected using a customised database permitting secure, web-based entry of each patient.
Exposure to preventive care
To quantify exposure to preventive care we devised a composite outcome based on a series of standard variables derived from international guidelines. 3 6-8 In combination these guidelines identify three important areas for ongoing preventive care, namely pharmacotherapy, lifestyle advice/change, and cardiac rehabilitation. It is for this reason that we defined optimal preventive care as the patient having received at least one aspect of lifestyle advice in-hospital (exercise or diet advice and quit advice for smokers), referral to cardiac rehabilitation post-discharge, and prescription of at least four of the five major preventive pharmacotherapies (lipid lowering, aspirin, other antiplatelet, β-blocker, or ACEi/ ARB). This was slightly different for patients with UA and a GRACE risk score <130, where prescription of at least two preventive pharmacotherapies (namely aspirin and statin) was used to quantify exposure to preventive care. 7 Given that the relative contributions of medication, referral to rehabilitation, and lifestyle advice may not be equivalent in terms of outcomes, we also conducted an additional analysis with extra weighting for medications. For this analysis, 50% weighting was assigned to pharmacotherapy and 50% weighting was assigned to rehabilitation/risk factor advice, as is consistent with evidence for their relative contribution in reducing CHD mortality. 19 20 
Statistical analysis
Patient characteristics, rates of referral to cardiac rehabilitation, provision of guideline recommended medications, and access to inpatient preventive care are presented using standard descriptive statistics stratified by discharge diagnosis. Categorical variables are reported as numbers and percentages (compared using χ 2 test) and continuous variables as means and SD or medians and IQRs. We used multilevel multivariable logistic regression models (Proc Glimmix) in all analyses to derive the ORs and corresponding 95% CIs, where the effect of clustering by hospital was modelled as a random intercept. We identified input variables that were likely to be of clinical importance; these were: age, gender, discharge diagnosis (STEMI, NSTEMI, UA), current smoker, percutaneous coronary intervention (PCI) during index admission, coronary artery bypass graft surgery (CABG) during index admission, prior PCI or CABG, prior vascular disease (including prior myocardial infarction, peripheral arterial disease, transient ischaemic attack or stroke), history of diabetes mellitus, history of hypertension, history of morbid obesity, and length of index ACS stay (days). Public versus private hospital was the second level predictor variable. In all models, covariates were mutually adjusted and analyses were undertaken using Statistical Analysis Software (SAS) Enterprise Guide 4.3. A value of p<0.05 was considered statistically significant for all analyses.
RESULTS
The main SNAPSHOT ACS results, including state and population data, have been reported previously.
14 In summary, 4398 patients with suspected or confirmed ACS were identified from a potential pool of 525 hospitals across Australia and New Zealand.
14 Some 483 hospitals (92% of all potential hospitals) gained ethics approval, 444 in Australia (with opt-out consent) and 39 in New Zealand (national consent). In total, 286 sites contributed to recruitment with the 197 non-enrolling hospitals being smaller, outside larger population centres, and not treating patients with suspected ACS during the 2-week audit window.
14 Every effort was made to ensure recruitment into the study was maximised with an opt-out consent for all but two hospitals (only 44 potential participants chose to opt-out) and through daily cross-checking with hospital admissions databases during the study period. A total of 83 patients from the original cohort died in-hospital, and a further 2016 had a discharge diagnosis of non-ischaemic chest pain and are not included in this analysis of exposure to preventive care. The risk profile of the ACS cohort (n=2299) was high (mean GRACE score 128±31). As expected, the GRACE risk score was higher in those with STEMI (138±31) and NSTEMI (135±31) than in those with UA (116±28).
Patient characteristics and preventive care at discharge Table 1 summarises the characteristics and clinical details for surviving patients with a diagnosis of ACS (n=2299). Of those who experienced an ACS event (STEMI, NSTEMI, UA) (n=2299), two-thirds were male, 53% had a total cholesterol value ≥4.5 mmol/L, 49% had a blood glucose value ≥6.5 mmol/L, 53% had a systolic blood pressure ≥140 mm Hg, and 19% were documented as being current smokers. In terms of inpatient preventive care, approximately two-thirds of smokers received quit advice, only 10% were screened for depression, 36% received inpatient dietary advice, and 43% received physical activity advice. Among Indigenous ACS patients, only 54% (66/122) were seen by an Indigenous Health Worker during their admission.
At discharge, 46% of all ACS patients were referred to an outpatient cardiac rehabilitation programme. Documented Exposure to optimal preventive care Table 2 summarises the proportion of ACS patients who received optimal preventive care during their admission. In total, only 27% of patients received at least four medications (or two in the case of those with UA and a GRACE risk score <130), dietary or physical activity advice, and referral to cardiac rehabilitation. Rates of optimal care were highest among STEMI patients (51%) and significantly lower for NSTEMI patients (30%, p<0.001) and patients with UA (15%, p<0.001). When additional emphasis was given to medication prescription (50% weighting for medicines and 50% for lifestyle advice and rehabilitation), 45% (1041/2299) of the cohort were exposed to optimal care (medication prescription and lifestyle advice or rehabilitation referral).
Factors associated with exposure to optimal preventive care
The adjusted ORs and CIs describing the likelihood of receiving the various components of preventive care at the time of discharge are presented in figure 1 . Factors associated with greater likelihood of being discharged with appropriate medications (at least four secondary prevention medications except in the case of UA patients with GRACE risk <130 where lipid lowering and aspirin alone were required) were: having a diagnosis of STEMI ( p=0.001) or NSTEMI ( p=0.021), undergoing PCI ( p<0.001) during the index admission, having had PCI or CABG before the index admission ( p<0.001), and having a history of prior hypertension ( p=0.005). Factors associated with greater likelihood of referral to cardiac rehabilitation were: having a diagnosis of STEMI ( p<0.001) or NSTEMI ( p<0.001), having PCI ( p<0.001) or CABG ( p<0.001) during the index admission, or having a history of hypertension ( p=0.035). Being of older age ( p<0.001) and being admitted to a private hospital ( p=0.004) were associated with less likelihood of referral to rehabilitation. Factors associated with greater likelihood of provision of inpatient lifestyle advice while in-hospital were: diagnosis of STEMI ( p<0.001) or NSTEMI ( p<0.001), having PCI ( p<0.001) or CABG ( p<0.006) during the index admission, being obese ( p=0.042), and having a shorter length of stay ( p<0.001). Being older than 70 years (p=0.012) was associated with lower likelihood of receiving inpatient lifestyle advice. The adjusted ORs and CIs describing the likelihood of receiving optimal preventive care during the admission are presented in figure 2 . Patients with a diagnosis of STEMI ( p<0.0001) or NSTEMI ( p<0.0001), who had PCI ( p<0.0001) or CABG (p=0.011) during the index admission, or who had a history of hypertension before the index admission ( p=0.017) were more likely to receive optimal care. Patients aged over 70 years (p=0.002) and those admitted to a private hospital ( p=0.003) were less likely to receive optimal care.
DISCUSSION
This cohort study provides a unique and comprehensive 'snapshot' of the preventive care delivered to 2299 patients admitted to Australian and New Zealand hospitals (public and private) with confirmed ACS at discharge. Despite universal guideline recommendations, around three-quarters of all patients admitted with ACS did not receive basic preventive care comprising proven pharmacotherapy, lifestyle advice, and referral to rehabilitation. Importantly, we classified receipt of lifestyle advice as any documented evidence of receipt of any form of dietary or physical activity advice, which is a very low bar in terms of individualised advice, and therefore it is highly likely that even fewer patients received individualised advice from appropriate health professionals. Further, the rate was still less than half when greater weighting was given to medication prescription. We also found that older age, diagnosis of UA, not having PCI, and being admitted to a private hospital were associated with lower likelihood of receiving optimal care. Therefore, this study not only highlights the clear variation in provision of preventive care across the ACS diagnosis spectrum, but also provides more detailed information about where opportunities exist to improve delivery of care.
International guidelines recommend that all patients with ACS should be referred to cardiac rehabilitation (CR), provided with basic lifestyle advice, and prescribed preventive pharmacotherapy. 3 6-8 In this study, only one-quarter of the cohort received this level of preventive care. In addition, Australian and other international guidelines recommend all patients should be screened for depression. 3 We found that this only occurred in 10% of the ACS population. Further, only about half of the patients of Indigenous background were reviewed by an Indigenous health-worker during their hospital stay. This study found that 46% of ACS patients were referred to cardiac rehabilitation, but a 2010 report (n=1545) by the National Prescribing Service of Australia found that even when patients were referred to cardiac rehabilitation, only half completed the programme. 21 These findings are concerning and call for urgent *n(%), unless otherwise specified. †Based on any four of the following-aspirin, other antiplatelet, statin or lipid-lowering agent, β-blocker or angiotensin II receptor blocker/ACE inhibitor except in the case of patients with UA and GRACE risk score <130 where at least prescription of aspirin and lipid lowering was required. ACS, acute coronary syndrome; GRACE, Global Registry of Acute Coronary Events; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST segment elevation myocardial infarction; UA, unstable angina.
review and consideration of preventive care for patients with ACS bi-nationally. Optimising patient outcomes after ACS through standardisation of care has now emerged as a major near-term goal in the health agenda of Australia and New Zealand. 22 This present study highlights the importance of inclusion of preventive care aspects within that agenda.
Our results are similar to other international studies. Two large prospective surveys of ACS patients across numerous European countries have shown similar rates of pharmacotherapy to the Australian and New Zealand SNAPSHOT Registry. 10 In the more recent European audit (n=6385) compared to the bi-national SNAPSHOT, rates of aspirin were similar for STEMI (97% vs 96%) and NSTEMI (94% vs 88%). Corresponding results for statins were STEMI (81% vs 93%) and NSTEMI (74% vs 86%), and for ACEi/ARB were STEMI (75% vs 76%) and NSTEMI (69% vs 66%). 10 Our results for Figure 1 Adjusted ORs and 95% CIs* for likelihood of receiving at least four secondary prevention medicines on discharge, referral to cardiac rehabilitation, and inpatient lifestyle advice (OR >1 means likely). *Using multilevel multivariable logistic regression. **Based on any four of the following-aspirin, other antiplatelet, statin or lipid lowering agent, β-blocker or angiotensin II receptor blocker/ACE inhibitor except in the case of patients with unstable angina and GRACE risk score <130 where at least prescription of aspirin and lipid lowering was required. CABG, coronary artery bypass graft surgery; GRACE, Global Registry of Acute Coronary Events; MI, myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; STEMI, ST segment elevation myocardial infarction; TIA, transient ischaemic attack; UAP, unstable angina pectoris.
pharmacotherapy are also very similar to those reported by the American CRUSADE (n=64 426) national quality improvement initiative. 23 Recent results of the Myocardial Ischaemia National Audit Project (MINAP) based in the UK report medication prescription of over 95%, which is clearly higher than our Australian/New Zealand results; however, the MINAP cohort excludes patients who have been transferred, who have contraindications or who choose not to take medicines. 24 In New Zealand, two previous ACS audits have also been crucial in defining treatment and resource gaps in that country over recent years. 13 14 In the 2002 New Zealand audit of 695 discharged (alive) ACS patients and the 2007 New Zealand audit of 815 discharged ACS patients, the use of discharge medications was also generally lower than in the present study including aspirin (82% and 82%, vs 87%), β-adrenergic blockers (63% and 66%, vs 71%), and statins (55% and 70%, vs 85%). These New Zealand audits are now 5 and 10 years old and improvements in prescription of discharge pharmacotherapy, especially statin therapy, may have occurred. While our study shows similar rates of pharmacotherapy, very few of the previous audits have reported inpatient preventive lifestyle care and referral to rehabilitation in the same cohort.
Clinical diagnosis and PCI during the index admission were consistently associated with improved preventive care. Patients diagnosed with MI (STEMI or NSTEMI) were significantly more likely to receive secondary prevention pharmacotherapy, referral to rehabilitation, and inpatient lifestyle advice. Interestingly, older patients and those admitted to private hospitals were less likely to receive optimal preventive care. These differences could potentially be explained by shorter mean length of stay and potentially poorer documentation for patients admitted to the private hospitals, although this possibility requires further investigation. Unsurprisingly, those who had a longer hospital stay were more likely to receive inpatient dietary and physical activity advice, and those with obesity were more likely to receive inpatient dietary advice. This variability, particularly in relation to diagnosis, highlights the need for a more considered approach to the prevention of disease recurrence. Encouragingly, we confirmed that those with prior hypertension, prior vascular disease and PCI were more likely to receive secondary prevention pharmacotherapy.
The results of this study highlight extensive inequality in terms of the delivery of preventive care at a most vital time-the hospital admission. In particular diagnosis, intervention, age, and hospital type all impacted on the preventive care that patients received. Understanding why these inequities occur may help improve our health systems. The observations suggest that the practice patterns may reflect 'value judgements' where there may be a greater appreciation of value in the younger and STEMI patients. Documented risk stratification and discharge care planning may help overcome the perceived 'judgement' approach to provision of care. In addition, the development of standardised performance measures (for implementation in private and public hospitals) relating to secondary prevention are likely to be critical in providing objective evidence that optimal preventive care was provided. Such clinical standards and performance measures would need to take into account the diagnostic and therapeutic complexities for each patient. 15 Figure 2 Adjusted ORs and 95% CIs* for likelihood of provision of optimal preventive care (OR >1 means more likely). *Using multilevel multivariable logistic regression. CABG, coronary artery bypass graft surgery; MI, myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; STEMI, ST segment elevation myocardial infarction; TIA, transient ischaemic attack; UAP, unstable angina pectoris.
The strengths of this study are the inclusive nature of its design. This study is unique in its ability to provide insights into the provision of care but it is limited by the nature of data collection, namely, via analysis of the medical records. The design allows widespread and valuable benchmarking at a single time point rather than local continuous quality improvement to monitor change over time. This study highlights that valuable health system and public health insights can be obtained from a 'snapshot in time' at potentially much lower costs than large scale and ongoing audits. Further, although we have defined optimal care as having received inpatient lifestyle advice, medications and referral to rehabilitation on discharge, we are unable to determine the specific relative contributions of each of these aspects of care; future research is needed to investigate the ratio that each of these interventions may play in terms of future hospital readmissions and mortality.
This study is not without limitations. Most importantly, this was an audit project (without clinical outcomes) and reports data collected from medical records. As with any observational dataset, results need to be considered in the context of potential variation in record keeping between and within centres and issues of attribution, given that local researchers collected data within their area of employment. Also, data were collected based on hospital admissions during a 2-week period; this may not be representative of admissions over the entire calendar year and it may not be reflective of actions (eg, completion of rehabilitation) actually taken by patients after discharge. In addition, when analysing prescription of pharmacotherapy (despite the case report form allowing for removal of cases where medications were contraindicated or where there was drug intolerance/resistance) in a study such as this, it is difficult to account for the entirety of heterogeneity that exists between patients, particularly in those with UA. Although we have used the GRACE risk score as an indicator of risk, results should be considered with this in mind. Finally, the study reports the preventive care received during the index admission, and data pertaining to what happens after the patients leave hospital is an area that requires ongoing research.
CONCLUSIONS
Only one-quarter of all patients admitted with ACS received optimal secondary prevention (pharmacotherapy, lifestyle advice, and referral to rehabilitation). This study provides unique insights into the provision of preventive therapy and lifestyle modification advice (or lack thereof) to patients admitted to hospital with an ACS. Proportionately more STEMI than non-STEMI and UA patients received guideline recommended preventive care. Findings also suggest that younger patients, those who have a PCI during admission, and those admitted to public hospitals are more likely to receive optimal preventive care. These findings highlight the persistence of the evidence treatment gaps in a contemporary cohort of ACS patients. Standardising inpatient care in line with guidelines is likely to contribute to more effective secondary prevention post-discharge.
